INTRODUCTION
Pregnancy outcomes related to maternal nutritional status have been measured by anthropometry. Numerous research projects 9, 14, 17, 19 have studied maternal anthropometric indicators as predictors of birth weight. However, fewer of them have focused on the question as to which is the best indicator for the prediction of pregnancy outcomes with greater sensitivity, specificity and accuracy.
There are differences between developed and developing countries in determining the most appropriate cut-off points for anthropometric measurements 5, 13 . Screening with measurements that require only one contact with a woman are useful due to limitations in available prenatal care in developing countries. To answer these questions some authors 1, 12 have studied the relationship between maternal mid-upper arm circumference (MUAC) and pregnancy outcome. They have shown that MUAC is a good indicator of pregnancy outcome.
The usefulness of MUAC for screening women at risk of poor pregnancy outcome is promising both on theoretical grounds ( it reflects maternal fat and / or lean tissue stores), because of the relationship between MUAC and weight 1, 6, 12 , and because it is independent of gestational age 8, 10 .
In the present study we have analyzed the relationship between some maternal anthropometric indicators, including MUAC, and birth weight, crown-heel length and the head circumference of the newborn.
MATERIAL AND METHOD
The present study represents part of a sample of another study 10 on anthropometric measurements in pregnant women. The subjects included in this study were women who received prenatal care and were delivered at the same hospital. Ninety-two pregnant women were covered and followed through during pregnancy. Their anthropometric indicators were recorded during the period from May 1991 to February 1992.
Measurements of height, weight, and mid-upper arm circumference (MUAC), were collected in accordance with standard recommendations. MUAC was measured at three different points during the pregnancy. Only the first measure was used for the analysis, because MUAC in this study did not vary during pregnancy. All the measurements were taken by the first author.
Women's pre-pregnancy weight was recorded at the first prenatal visit. Gestational weight gain was recorded on the basis of the difference between weight before delivery and pre-pregnancy weight. Quetelet's index (BMI) was also calculated in this study.
Subjects included in this study were non-smokers, non-consumers of alcoholic beverages and free of any obstetrical and medical complications known to affect fetal growth.
Only singleton term deliveries (38-42 weeks of gestation from last menstrual period and /or pediatric assessment of the gestational age) were included in the final analysis of the data.
The babies were free from congenital malformations
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The following variables were established for the newborn: birth weight, crown-heel length, head circumference and gestational age by Dubowitz's 2 method.
Statistical Analysis
Frequency distributions or mean and standard deviations were calculated for all variables from a data base in a Dbase III program. For the statistical analysis, bivariate and stepwise forward multivariate linear regression were conducted in SPSS program. The dependent variables (birth weight, head circumference and crown-heel length) were examined for skewness and kurtosis using the normality test.
Since distribution of birth weight in this sample was not normal, natural log-transformations of birth weight and crude values were used to analyse the data, but only the model with crude values has been shown because the final conclusion is similar.
Initially, univariate associations between the dependent variables (birth weight, head circumference and crownheel length) and maternal anthropometric indicators (height, age, weight, gestational weight gain, arm circumference, pre-pregnancy weight) and gestational age as independent variables, were tested. The process of construction of the multivariate model consisted of the addition of the variables one at a time. If a variable was significantly associated or was a confounding variable it was included in the model until the best fit was found.
For all the statistical tests P< 0.05 was considered significant.
RESULTS
The anthropometric characteristics of the population are shown in Table 1 . Mean values (and standard deviations) of anthropometric measurements are presented both for the mothers and their newborn babies. Only 10% of the mothers were under 20 years of age. The frequency of low birth weight (< 2,500 g) was 7.6%. Table 2 displays the correlation coefficients between mothers' and newborns' measurements. Generally there were significant correlations between the anthropometric variables of the mothers and the newborn, except for the correlation birth weight, newborn's crown-heel length and gestational weight gain and mother's height; and between newborn's head circumference and mother's arm circumference.
As expected, there were statistically significant associations between gestational age and birth weight, newborns' crown-heel length and head circumference (r=0.425; r=0.309; r=0.265, respectively). In addition, MUAC and pre-pregnancy weight were found to be positively correlated to birth weight (r= 0.399; r=0.408) and the newborn's crownheel length (r=0.306; r=0.376). Pre-pregnancy weight was less closely associated with the newborn's head circumference (r=0.256).
The results of the multivariate linear regression models are shown in Tables 3-4 . In the first model (Table 3) gestational age (ß=135.48; P=0.0001) and MUAC (ß=45.52; P=0.001) continue to be significant predictors of birthweight. Using the pre-pregnancy weight rather than MUAC as a predictor of birth weight, a second model was fitted (Table 4) . Similarly, the gestational age (ß=138.39; p=0.0001) and pre-pregnancy weight (ß= 16.064; p=0.002) were positively correlated to birth weight; in this case, gestational weight gain was excluded because its inclusion did not improve the model.
For the model using the crown-heel length as the dependent variable only gestational age (ß= 0.47, p=0.0025) and mother's age (ß=0.083; p=0.008) maintained an association (data not shown). To exa-Mid-upper arm circumference in pregnant women Ricalde, A. E. et al. mine the possible determinants of newborn's head circumference, another model was created and the results showed that gestational age (ß=0.295; p=0.005), mother's age (ß=0.07; p= 0.004) and gestational weight gain (ß=0.069; p=0.048) were significantly associated with the newborn's head circumference (data not shown).
DISCUSSION
As expected, gestational age was found to be related to birth weight, head circumference and crown-heel length. These results corroborate understanding that gestational age is a highly important factor in fetal size. The present data confirm numerous observations indicating that gestational age is a predictor of birth weight.
In this study an average increase of 135.48 g for infant birth weight (when the MUAC is included in the model) and of 138.39 g (when pre-pregnancy weight was controlled) were observed for each week of gestation; these results are similar to those obtained in another study also undertaken in Brazil 18 . Gestational weight gain was not significantly associated with birth weight or with newborn's crown-heel length. Similarly Khan et al. 4 found no correlation between pregnancy weight gain and birth weight (r=0.06). The lack of association between these variables can be attributed to the fact that weight gain in pregnancy is independent of previous nutritional status. Wellnourished as well as undernourished or obese women can have high or low weight gains during pregnancy.
This study, as well as others published by Rush et al. 11 , demonstrated no correlation between maternal height and birth weight. Some studies demonstrated an association between short maternal height and low birth weight only 3, 14 . In prenatal services, maternal height is more often used to determine the risk of cephalo-pelvic disproportion. Studies have demonstrated that height is associated with maternal pregnancy complications 15 . Data on maternal MUAC show that this indicator 7 . Recent studies have demonstrated that MUAC is closely related to maternal weight 6, 16 but is independent of gestational age 8, 10 . Therefore MUAC should be used instead of pre-pregnancy weight to assess maternal nutritional status.
One advantage of using MUAC to assess women at nutritional risk of giving birth to low birth weight babies is that arm circumference measurements can be taken whenever a woman visits a health worker or health centre.
Since MUAC is a very simple technique, we recommend it, rather than pre-pregnancy weight, as a predictor of birth weight. The only difficulty that remains is that we can not recommend a cut-off level for MUAC, because the sample population of this study is too limited to establish it. In another study undertaken in Guatemala, a cut-off level of 23.5 cm has shown high sensitivity (77%) and specificity (71%) for the prediction of low birth weight 8 . However, more studies involving large samples are needed so as to enable the cut-off levels for MUAC with a view to determining the risk of developing poor pregnancy outcome to be established.
Therefore, MUAC could be considered as a potential indicator of maternal nutritional status, and may be used instead of pre-pregnancy weight, as an alternative indicator to assess women at risk of poor pregnancy outcome in communities where weighing is not feasible for pregnant women and/or when presentation for prenatal care is late.
